Little is known about Clostridium difficile infection in children with cancer but a presumed outbreak has previously been described. The carriage rate before admission to hospital and morbidity is reported to be high, especially in younger children. Although studies have been carried out on the epidemiology and acquisition of C difficite in adult patients with haematological malignancies,3 4 little information is available on C difficile infection in children with cancer.
The early and empiric use of antibiotic regimens in children with chemotherapy induced febrile neutropenia has radically decreased the morbidity and mortality previously associated with such treatment.' Antibiotic regimens in different hospitals are tailored for locally prevalent organisms but, in most cases, consist of a third generation cephalosporin and an aminoglycoside with or without a penicillinase resistant penicillin. The Although studies have been carried out on the epidemiology and acquisition of C difficite in adult patients with haematological malignancies,3 4 little information is available on C difficile infection in children with cancer.
There is one report of an outbreak in a paediatric oncology unit in UK, based on identification of toxin in stool and attributed to a change in the antibiotic policy.5 However, at least four different strains of C difficite are capable of producing toxin4 and therefore the conclusions of this study are seriously flawed. Isolation and identification of toxicogenic and non-toxicogenic strains are essential for epidemiological studies of patterns of cross infection. 6 Another study suggests that children with malignant disorders have a high rate of infection with the organism even before chemotherapy or antimicrobial treatment. 7 The authors attribute considerable morbidity to C difficile infection in these children especially in the younger age group. In this paper, we discuss the lessons learned by studying the pattern and prevalence of C difficile infection in a paediatric oncology unit over a one year period.
Patients and methods
The prevalence of C difficile in stool cultures obtained from children with cancer admitted to a paediatric oncology unit was monitored over a one year period from June 1992 to May 1993. In our unit, stool cultures are sent routinely from all children with febrile neutropenia and any inpatient with diarrhoea. For the purposes of this study, diarrhoea was defined as an alteration in normal bowel pattern with the passage of three or more consecutive unformed stools within a 24 hour period. Infection with C difficile was defined as isolation of the organism on faecal culture from patients with diarrhoea. Faecal specimens were plated onto cycloserine cefoxitin fructose agar and incubated anaerobically for 48 hours. Suspect colonies were identified as C difficile by distinctive colonial morphology and smell of p-cresol, apple green fluorescence under long wave ultraviolet light (366 nm) and the pattern of the volatile fatty acids, with the production of a major peak of isocaproic acid by gas liquid chromatography. Typing of the C difficile strains to identify toxin And non-toxin producing strains was carried out using polyacrylamide gel electrophoresis (PAGE) of 35S-methionine labelled proteins (radio-PAGE) as previously described.-10
Patients were subsequently grouped into two categories according to duration of hospital stay. 'Short term' cases were those who stayed for less than 24 hours and were admitted for chemotherapy or investigation. 'Long term' cases stayed for a minimum of four days and were admitted for chemotherapy, febrile neutropenia, or terminal care. Both categories of patients shared all the ward facilities and, except for the very young, were not segregated. All children with C difficile infection had serial monthly stool cultures until three successive cultures were negative.
To try to determine the risk factors for C difficile infection, the age, gender, duration of hospital stay, and primary oncological diagnosis were compared with those of all uninfected children admitted during the same time period.
Statistical analysis included the use of the x2 test and odds ratio where appropriate and a p value of <005 was regarded as significant.
Results
During the one year study period, C difficile was identified in 33 faecal specimens obtained from 28 (13%) of 214 children with cancer Table 2 shows the antimicrobial treatment used. We had not developed specific guidelines for treatment so the drug(s) used and method of administration were chosen on the basis of the patients' condition alone. Nine children were symptomatic for less than 48 hours and received no treatment. Duration of treatment was for a minimum of five and a maximum of seven days.
The chemotherapeutic agents most frequently associated with C difficile infection were the antileukaemic agents, a reflection of the most common diagnostic category in those admitted long term. The antibiotics most frequently implicated were the penicillins, cephalosporins, and aminoglycosides. However, this is the combination of antibiotics used in the management of all children with febrile neutropenia in our unit.
Discussion
The importance of typing is illustrated by the temporal distribution of cases in our study (figure), which was similar to that previously described5 and would have suggested an outbreak of C difficile. Typing proved that this was not the case. In addition type X, previously shown to be highly infectious and responsible for an outbreak in an adult oncology ward,3 was seen in only three, albeit successive, cases.
The source of infection is not clear in our patients. The inpatient carriage rate of C difficile is reported to vary from 3-4% on wards where there is no C difficile associated diarrhoea to 15-30% on wards where there are patients with diarrhoea caused by C difficile.6 [11] [12] [13] In many cases the nosocomial acquisition of infection has been attributed to the introduction of a strain to the ward by an asymptomatic carrier.11-13 Indeed, 20-36% of paediatric cancer patients were reported to be carriers in one study and younger children appeared to be more frequently infected.6 In this study, no patient without a prior history of inpatient care (or admission to) in our unit was found to have C difficile infection nor was age a determinant for infection. This differs from the previously mentioned study. Therefore in our study, while the incidence of C difficile is comparable with other hospital based studies, the source of infection is more likely to be endogenous or environmental,'4 although it is possible that some cross infection may have occurred with types B, X, and E (figure) between patients.
Isolation of C difficile appeared to positively correlate with the duration of hospitalisation, a known risk factor.'5 Children admitted for a short time on the same ward had a minimal risk of infection. Among those admitted for a longer duration, 22% were infected. Therefore, in our experience C difficile does not appear to be as highly infectious as has previously been reported.6
As has been reported for adults with cancer,3
children with a diagnosis of acute leukaemia or lymphoma appear to be at significantly higher risk of infection. It is not possible from our study to identify the precise reason for this increase in susceptibility. However, of the 18 children with leukaemia or lymphoma, 15 were infected within the first two months after starting treatment, during and immediately after induction. Two other children were infected while being reinduced for a relapse and one child was found to be infected immediately after the first consolidation block (week 6 of treatment). Therefore the time of infection correlates with the periods of most marked and prolonged myelosuppression. This is the group of children with cancer that spends the longest time in hospital, receives the most myeloablative treatment and consequently is most frequently on antibiotics. Present day chemotherapy results in prolonged neutropenia, mucositis, and gut stasis creating a favourable milieu for C difficile. Opportunistic proliferation can then be triggered by the use of an antibiotic regimen that selectively inhibits competitive colonic flora. Nineteen of the 28 infected children had symptoms attributable to infection with C difficile, the others having only very mild illnesses. The presence or absence of symptoms correlated with the type of C difficile but not with the degree of neutropenia. Only one child was seriously ill, but it is not possible to categorically state that this was entirely due to C difficile infection. In all the patients treated, symptoms resolved quickly and the organism was not isolated in specimens cultured immediately after treatment. One of 11 children who were treated and four of 17 children who received no treatment had a recurrence of infection.
Unlike previous reports2 5 6 recurrence rates were low.
In our experience and that of others oral metronidazole or oral vancomycin appear to be equally effective in controlling symptoms and excretion.5 6 13 16-18 Vancomycin has the theoretical advantage that, unlike metronidazole, when given orally it is not absorbed and therefore can attain significant bactericidal concentrations in the large intestine.2 However, it is at least 50 times as expensive and its use has been associated with the emergence of glycopeptide resistant Gram positive organisms.19 In those unable to take oral medications, intravenous metronidazole is the drug of choice as, unlike vancomycin, it is excreted into the gut when administered parenterally.
While treatment remains contentious and costly, prevention of outbreaks is simple and inexpensive. In our unit, patients with diarrhoea known or suspected to be due to C difficile were nursed in cubicles but not barrier nursed, though barrier nursing is probably required for the control of an outbreak.4 One cannot too strongly emphasise the necessity for strict standards of hygiene. Ungloved hands frequently become contaminated with C difficile during patient contact.15 Hand washing with soap and water do not reliably remove the organism and the wearing of gloves is recommended.20 Indirect evidence for this in our ward was that none of the highly susceptible patients undergoing autologous bone marrow rescue were infected. While the same medical and nursing team looks after all patients, reverse barrier nursing is strictly observed for those receiving megatherapy. The use of antimotility drugs such as loperamide is to be condemned. These drugs contribute to bowel stasis, proliferation of the organism, and increased toxicity and production of the cytocidal toxin.21 This can be a recipe for disaster in a child with chemotherapy induced toxic mucositis.
Our experience suggests that while C difficile is an important pathogen in children with lymphoid malignancies, most patients have mild or no attributable symptoms. We speculate that in most cases, the organism is probably endogenous and is provided with a favourable milieu by the combination of cancer chemotherapy and broad spectrum antibiotics so it is difficult at times to distinguish those who are 'infected with' from those who are just 'excreting' the organism. While it is a nosocomial communicable disease, outbreaks are only likely with some pathogenic strains, for example, strain X. Treatment provides symptomatic relief and the rate of recurrence of infection is low (14%). Early identification of cases and prompt institution of control measures will prevent possible outbreaks. It is important therefore that diarrhoea is not accepted as a normal symptom of cancer chemotherapy and stool specimens are sent for full bacteriological and viral investigation. 
